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Plating Plastics with Electroless Nickel 

In a Bath Containing Boron Hydride Hydrazine 
By W. Rek& and A. Idziak 

A nearly neutral electroless nickel bath containing 
sodium acetate, boron hydrlde hydrazine as the reducing 
agent and sodium thiosulfate as the stabilizing agent can 
be operated at 30 to 35' C to produce semibrlght 
deposits with satlsfactory adherence on etched, 
sensltlzed and activated ABS substrates. The efficiency 
was 57.5 percent when the bath was operated with 
optimum condltlons. 

etallized plastics have been adopted by many 
industries because of their decorative features, 
improved mechanical strength and good cor- M rosion resistance. Before they are electroplated, 

plastics are chemically metallized with copper or nickel to 
make them electrically conductive." 

For the chemical deposition step in a decorative plating 
process, nickel is more popular than copper because nickel 
can be directly electroplated with bright nickel. The com- 
plete process becomes less time consuming because 
copper plating is omitted. Furthermore, corrosion 
resistance is improved and the nickel exhibits better 
adherence to the plastic. 

Sodium hypophosphite has been the most popular 
reducing agent for electroless nickel plating.'-' Another 
reducing agent is sodium borohydride, but this compound 
must be used exclusively in a strong alkaline solution at 
temperatures of 60 to 90" C. Boron hydride hydrazine 
(NIH~BH,) is more promising. It dissolves readily in water 
and is not easily hydrolyzed. The pH of a boron hydride 
hydrazine solution is 7.5 at room temperature. The reduc- 
tion reaction with nickel is as  follow^:^ 

acid. This was followed by distilled water and tap water 
rinses. A subsequent activation treatment in a 20 to 40° C 
solution prepared with 0.25 glL of PdCI2 and 2.5 mUL of 
concentrated HCI was continued for 10 to 15 min. After 
rinsing, first in tap water, then distilled water, samples were 
immersed in the electroless nickel bath for 30 min. 

The nickel bath was prepared with75g/Lof NiCI2.6H2O, 1 
to 1.5 g/L of N2H4.BH3, 20 g/L of CH,COONa and 0.1 
mmol/L of NaS203. The pH of the bath was 7.5, the 
deposition time was30 min and the load density was in the 
range of 1 to 2 dm'/L. 

Boron hydride hydrazine was synthesized by the method 
reported by Gabeau and Rlcker,' which involved the 
following exchange reaction: 

2NaBHd + (N2H5),SO4 ~N~HI .BH~ + Na2S04 + 2H2 (3) 

The rate of deposition, thequality of the coatings and the 
bath efficiency wereexamined whilechanges weremade in 
the composition of the bath. The bath efficiency was 
determined by calculating the ratio of the weight of the 
nickel deposit and the decrease of nickel ions in the 
solution. which wasdetermined by chemicalanalysis using 
titration with versenate. 

Results 
Figures 1 and 2 show the effects of increasing the boron 
hydride hydrazlneconcentration on thedeposition rateand 
the bath efficiency, respectively. Increasing the concen- 
tration of the reducing agent above 1.5 g/L did not 
significantly improve the deposition rate. For obtaining a 
highefficiencyanda highdeposition rate,areducinqagent 
concentration of 1.0 to 1.5 g/L appeared optimum. The 
effect of changing the concentration of sodium boron 
hydride hydrazine on the pH of the solution is shown in 

(') 3Ni" + NIH.BHI + 3H20 - 3Ni + N2Hd + HIBOl + 6H' 

A side reaction that can occur is: 
Fig.3 

3Ni" + 2(N2H4,EH3) - (2) 

3H20 + NijB + 2 N 2 H l  + 6H' + H,B03 + 3/2H2 

The nickel deposit is not harmfully affected by the 
oxidation products of borohydrazine-hydrazine and boric 
acid-nor do the products affect the rate of deposition. 
Improved physical properties have been obtained with the 
incorporation of 3 to 5 percent boron in the deposit.' 

Experimental Procedure 
ABS plastic specimens were cleaned for 5 min in a 50" C 
solution containing 40 g/L of sodium carbonate and 20 g/L 
of trisodium phosphate, then rinsed with hot (60" C) water 
for5 min. Surfaces wereetched (10to20min) ina360-g/L 
chromic acid bath containing 150 mL/L of concentrated 
sulfuric acid, which was heated to60-65" C. After rinsing, a 
300-mL/L solution of hydrochloric acid was used at 
temperatures up to 50" C for 2 to 5 min for neutralization 
purposes. Samples were rinsed first in tap water, then 
distilled water before sensitization (10 to 15 min) in a 
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control and uniformity are necessary. During a series of 
cross-sectional TEM observations, a linear relationship 
between film thickness and deposition time was recorded 
(Fig. 9). Film thickness was measured with high resolution 
and precision directly from TEM micrographs. Figure 10 
shows a typical TEM micrograph of a 300-&thick cross 
section of a Fe-Ni alloy deposit on a (111) n-type silicon 
substrate. The sharp interface between the substrate and 
Fe-Ni deposit indicates that it might be possible to fabricate 
shallow junction boxes aftera suitable annealing schedule. Cb""  ".a& _.."..~ . 

Laterel growth is considered, to be the-dominant 
mechanism of film growth until fu 

excess donor electrons of n-type si that are available in 
sufficient quantity to start the reduction pr ess. Thus, the 
process that includes Si etching provides a lean surface sect1 
that is not contaminated with Sn or Pd an a means of 
fabricating sil icide/si schottky diodes 
annealing programs.""' The mechanism of film ormation 
and growth described in this paper can ultimate1 help to 
form new materials and devices with properties requ ed for 

develop ent lor semiconductors and high-T, superconductors. 
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practical applications. I/ 
\ Conclusions 

alloy contained 88 atomic percent iron 

Iron-nickel alloy has been deposited on 
crystals using electroless deposition in 
taining hydrazine. EDAX linked with TEM 

~~~~ ~~~~~~~ 

percent nickel. Thestructure isamorphous. Film for ation 
iscompietedinabout8 minand thedeposition rate sabout 
5 0 h i n .  A sharp interface was observed betwe the Fe- 
Ni deposit and the Si interface. d 
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Flg. 2--Elleclol boron hydride hydrazine concenlralion on bath efficiency. Fig. 3-Elleel of the initial ~on~enlral lon 01 boron hydride hydrazine on 
pH 01 the eieclroiesa solution 81 26" C. 

A high rate of deposition and a high efficiency were 
obtained when the bath contained 15 to 17 g/L of nickel 
ions, as shown in Figs. 4 and 5, respectively. Figure 6 data 
also indicate that consumption of the reducing agent was 
low when the nickel ion concentration was in this 15 to 17 
g/L range. An increase above 17 g/L did not improve the 
deposition rate. However, efficiency declined significantly 
(Fig. 5) and consumption of boron hydride hydrazine 
increased. 

Substituting nickelsulfate for nickel chloride reduced the 
deposition rateand increased consumption of the reducing 
agent, although no other differences in performance were 
observed. 

A sodium acetate concentration above 20 g/L caused 
dark and sometimes spotted deposits. Figure 7 shows that 
the deposition rate was maximum at a concentration of 20 
g/L and decreased significantly when the acetate con- 
centration was lower or higher. 

In preliminary tests, ethylene diamine was rejected as a 
stabilizing agent because it raised the solution pH to 10.5. 
Previous papers'.' indicated that better results were 
obtained on plastics metallized in Soiutions with a lower pH. 
Sodium thiosulfate proved to prevent the precipitation of 
nickel in the bulk solution. However, increasing its con- 
centration to >0.075 mmole/L increased consumption of 

the reducing agent, relative to the amount of nickel 
deposited, and resulted in dull, dark coatings, which were 
particularly pronounced when the temperature ranged 
from 20 to 30" C (Figs. 9 and 10). The nickekreducer ratio 
was less than 1.5 by using the bath containing sodium 
thiosulfate, as Fig. 10 shows. 

The relationship between nickel deposition rateand load 
density is shown in Fig. 11. Figure 12 shows the effect of 
changing load density on nickel consumption. The nickel 
deposition rateasafunction of temperatureappears in Fig. 
13, and the influence of the initial pH on the deposition rate 
is shown in Fig. 14. From the data in Figs. 11-14, the 
optimum load density, temperature and pH were 
determined: 

Optimum load density: 1.5 g/L 
Optimum temperature: 30 to 35O C 
pH: 6.6 to 7.6 

Although temperatures above 35" C improved the deposi- 
tion rate (Fig. 13). the higher temperatures caused greater 
consumption of the stabilizing and reducing agents. The 
average bath efficiency at 30" C was 57.5 percent, which 
compares with an efficiency of 54 to 55 percent for 
operating a bath with sodium hypophosphite as the re- 
ducing agent. 

A ~~ 

5 10 15 20 25 

Ni" concentration, g/L 

30 

20 

10 :I , o  



A 

NlSO. 7HiO 

0 I-., + 
5 10 15 20 25 

NI" Concentration, g/L 

Flg. 6-Relatlonrhlp between theconcentratlon 01 Nl'+md the ratiodborm 
hydrlde hydrarlne conrumplion Io the amount of depo8lled nbkel. 

The pH tends to rise during bath operation, as reducing 
agent is consumed. This increase is associated with the 
formation of hydrazine and boric acid, according to equa- 
tions (1) and (2). To compensate for the reduction in the 
concentration of nickel ions and boron hydride hydrazine, 
the concentration of nickel was corrected, after a titration 
with versenate. The pH was then adjusted to 7.5 using 
sodium hydroxide. The concentration of boron hydride 
hydrazine wasdetermined by an iodometrictitration of BH, 
in an acid solution as described previously.' Finally, the 
concentration of the reducing agent was adjusted. When 
adjustments were made several times during a single 
experiment,changesin thequalityof thecoatingswerenot 
observed. The deposits were semibright and adherent. 
Thickness ranged from 2 to 6 pm. 

After nickel and chromium were plated on theelectroless 
nickel, the bond between the metal and plastic surfaces was 
examined by subjecting samples to thermal cycletests. The 
proceduredescribed in ASTM 8-553witha high limitof60' 
Cfor 1 hrand a low limit of -30" C f o r l  hr wasadopted. The 
cycle was repeated five times. The percentage of samples 
with no blisters was 91 percent. 

Microscopic examination of electroless deposits revealed 
many pores with a diameter of 1 to 2 pm. 

Conclusions 
A nearlyneutral. low-temperature bath using boron hydride 
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Fig. 7-NIcksl deposltlon rale at 30' C OS 8 fUncllon Of sodlum acetle 
concentnllon. 

hydrazine as the reducing agent proved useful for deposit- 
ing adherent, electroless nickel on etched, sensitized and 
accelerated ABS. The average efficiency of the electroless 
bath operated with optimum conditions was 57.5 percent. 
No deterioration in the quality of the deposits occurred 
when nickel chloride and boron hydride hydrazine were 
replenished and the pHadjustedasdescribed in this paper. 
The bath can be adjusted and reused many times. 
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Tin and Tin Lead Allovs 
@ 

Plating Processes 
TINOLS - Brilliant, Bright Finishes 
T I N F A T S  - Satin, Matte Finishes 

0 Flu0 oric Acid Baths 
0 Sulfo ic Acid Baths 
0 Sulfu c Acid Baths 

0 Exce l leh  for All Types o f  Reel-to-Reel Applications Including Plating of 

0 Also use for Rack and Barrel Pla'ting 

0 Bright an \ ,Matte Finishes ,.. 

0 Meet All Apalicable Specificaions for Electronics and Semi-conductors 

\ BATHS: 

APPLICATIONS: 
Preformid  or Bandoliered Contacts, High Speed Wire and Strip Material 

DEPOSITS: 
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IN SECONDS/ 

AND / 
*PERFORM FOR ENNIES P 

NO LOST PLATINGTIME. Siipoflbuillwpheads, andsiippoo 
fresh, new heads wilhool removing Dsngier Assembiy from bane!. 
LONGER CABLE LIFE. Removing heads before the pieling 
buiid-up is excsssive, prolongs the lite 01 lhe Dangler Assembiy. 
INEXPENSIVE. Field sludies have shown lhsf using ow 
disposebie heeds cosls just pennies per bsrrei iosd lo use. 

CHANGE HEADS IN SECONDS 
NEW DANGLERS LEAD THE WAY TO 

IMPORTANT PRODUCTION ECONOMY. 

h U.S. Pal. #4,111,781 

WANGLERS IN' 
189 MACKLIN ST., CRANSTON, R I  02920 (401) 944-1969 
* Danglers are patented in the Uniled Slate$ Foreign Rights resemd. 
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0etails:Circle 129on postpaid readerservicecard. 

6 929-9792 FAX (312) 929-0698 
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&EPUBLIC LEAD ANODES 
"sixty-five years of proven quality" 

Whatever your lead anode needs be, let us, 
with our 65 years of experience, help you. 

Let ,us prove our exclusive "Homogeneous 
Bonding" process, assuring positive elec- 
trical'contact between hook and anode, 
thrOUgh'QUt the life of the anode. 

Plastisol coatings and our patented "Lead 
Covering" available for hooks upon request. 

Sixty-seven d is t r ibutors  t o  service you 
-write for free literature and the distributor 
in  your area. 


